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Among the parameters which need to be specified in the design
of the 83C are the c¢ell length (LC) and the coil diameter (dc).
The quality of the magnetic field of the bending magnets,
reflected in both small multipole coefficients and a small sigma
for these coefficients, improves as dC increases. Similarly the
smaller B resulting from a decreased lc results in an increased
admittance (for a constant size beam pipe). Unfortunately
Aincreasing dC and/or lc ‘would result in increasing the cost of
the SSC. It is not only desirable but necessary to understand how
the performance of an accelerator depends on dc and lc so that we
can have confidence that the 8SC when built will work. It should
be straightforward to know whether or not an accelerator, once
built, works or not. There are however no well accepted tools or
criteria for deciding whether or not a proposed design of an
accelerator will provide acceptable performance. This 1is
particularly so in the case of accelerators built of
superconducting magnets in which the magnetic field is determined
by the current distribution in the coils.

To understand the basis of the criterion adopted for this

analysis let us begin with the motion of a particle in a linear



lattice, i.e. a lattice composed only of linear elements, viz
guads, bends and drift regions. Further we will assume no
coupling between the x and y planes of the particle motion, i.e.
we have only normal gquadrupoles and no skew quadrupole components.

The solution to this problem is well known viz
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The constant d can be expressed in terms of the initial condition:
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We can also, for the linear machine, express the invariant as
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Let us assume that a particle with initial condition u
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is tracked around a lattice and the quality e is calculated after
each complete turn. If the 1lattice 1is linear we will calculate
the same value of e after each turn. If there are non-linear
elements in the lattice, e.g. chromaticity sextupoleé or high
order multipoles in the bending magnhets, € in general will vary
from turn to turn. The spread in € after a number of turns is a
measure of how closely the lattice wunder study approximates a

linear machine. In the following discussion the spread in e will
2

be defined as 8¢ = J(82>—(8> where the averages are computed for
100 turns. If 6e/e is small then we may feel confident that the
lattice will behave in a manner which approximates a linear
machine. The magnet multipoles are of course not the only source
of problems in an accelerator once it 1is built. Other factors,
such as alignment errors, will reduce the actual performance.
Since the object of this study was to provide information on
the behavior of a lattice as a function of dc and Lc a very simple

model of an 88SC was constructed with 481 standard cells. The

circumference of the model S5C was allowed to vary as 1. changed.



In every case the phase advance per cell was 60°. In addition to
the principal focusing quads two families of trim quads and of
chromaticity sextupoles were incorporated into the lattice to
allow one to vary the tune and chromaticity of the lattice in both
planes. Between the focusing quads 1,2 or 4 non-linear kicks are
placed in the bending dipoles, one kick per dipole. High order
multipoles are asasigned to each dipole. The moments are gaussian
distributed with a sigma for each moment assigned either from the
values in the report of the Reference Design Study Groug or from

values supplied by the Central Design Group for magnet design "D*

and for a superferric magnet. When varying the diameter of a
magnet (dc) the nth moment (n = 1 for the quadrupole moment) 1is
agsumed to scale as (doldc)m'll2 with dO = 4 cm. In the following

results all systematic errors and also all random guadrupole (both
normal and skew) moments are set to zero.

Tracking of the particles was done with TEVLAT. A particle

was started at Xor Yor X, = ¥, = 0.0 and the initial value of

ex/ﬂ and eylw were calculated. It was then tracked for 100 turns
and at the end of each turn Sx/ﬂ and Ey/ﬂ were again calculated.

After the tracking was completed the quantities
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were computed. The pakameters Xor Yo dc and Lc were varied and

the process was repeated again. The set of values for 8R/R(C, d.,
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where k, o, B, v are determined by least squares fitting.

The coefficients k and v are sensitive to the ordering of the
magnets in the lattice. It is not expected that « or B should be
sensitive to the ordering. It 1is necessary 1in comparing the
results from different cases and for interpreting the final
reaults to know the range of k and v resulting from different
arrangements of the magnets. To study this effect 30 different
permutations of the magnets in the lattice were used and Q was
calculated for each permutation for several values of r. The
results for the various cases studied can be found in Table I.

The value of k apparently scales as lfﬁ where N is the number of



kicks per cell. For the different permutations we find o(k)/k =
0.3 where o(k) is the variance of k about the mean. v is
apparently independent of the number of kicks.

The variation of Q for the different permutations is very
large. The ratio of o(k)/k ranges from 0.27 to 0.38 for the cases
listed in Table I. A plot of k vs vy for the configuration with 4
kicks per cell (Figure 1) shows that the ratio of the maximum
value of k to the minimum value is >3. A possible explanation for
this could be the variation of the smear with the azimuthal
position as we go around the ring. A preliminary calculation
shows that, for a particular ordering of the magnets, the smear
(Figure 2) varies by only ~20%. This result suggests that the
spread in k observed by permuting the magnets reflects the
importance of the magnet ordering and not the point where we start
the tracking.

The value of B is independent of the number of kicks and is
found to be B = 2.56 with an uncertainty of ~0.05. This value is
the same when calculated using the BRD and the CDG moments. It is
also the value one should expect if Q = 8R/R were due to sextupole
moments in the magnets.

The interim report of aperture Group B (April 22, 1985) of
the 35C Aperture Task Force has proposed that the smear be defined

as

S= AC/e
C = /ab?
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and AC 1s the radius of the circle about C including all the
values for Ci calculated in the tracking. Thelr criteria is that
the smear be less than 10% at C = 7 mm. This definition of AC
does not correspond exactly to our definition of &8c/c (= 1/2 Q).
If we ignore the difference between AC/c and 8c/c then using our
fit to Q we can calculate for different values of C, dc and lc
corresponding to a smear of *10%. The curves in Figure 3 are
plotted for k = 0.038 corresponding to the 5 kicks/half cell and k
= (k> + 2<0k>. These conditions correspond to one of the criteria
in the report of the Aperture Task Force. |

The results up ¢to now have Dbeen obtained with zero
chromaticity in the lattice. The chromaticity sextupoles, being
non-linear elements, contribute to the smear. As the length of
the cell Ic decreases the effect of the chromaticity sextupoles on
the smear increases because the strength of the sextupoles, and
hence their contribution to the smear, increases while the smear
due to the random multipoles is decreasing. The contribution of
the sextupoles 1is to increase the smear at small Lc and to
decrease o when the results of the calculation at small lc (= 100
m) are included in the fitting.

We conclude the criteria for smear in the report of April 22,
1985 can be satisfied with a cell 1ength of 200 m and a coil
radius somewhat greater than 5 cn. Work is underway to further

refine these results.



Table I
Ensemble Averages
dc = 4 cm Lc = 213.36 m
No random gquadrupole moments

Conditions kio(k) vto(vy)
BRD moments 1 kick/half cell (4.7611.79):{10_2 1.2940.12
2 kicks/half cell (3.6310.98)}:10—2 1.35+0.14
4 kicks/half cell (2.59:0.83)x10 2 i.3210.12
CDG moments "D" 1 kick/half cell (4.45&1.71):,:10_2 1.30+0.13
CDG moments,
superferric magnet 1 kick/half cell (2.90i0.92)x10—2 1.39+0.11
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Figure Captions

Figure 1 Plot of k vs v for 31 permutations of the magnets, 4 kicks
per half cell

Figure 2 Plot of 8c/c, vs. s, ¢ = 7 mm, 4 kicks per half cell

Figure 3 Coil diameter vs half cell length, smear = 10%



10

p,o oﬁ.m oﬁ.# om.v om.m op.m oN.N m 3 om.H p@ oo.pt
T T T T [] 1] i L T 1 -0
<
P - T T T -~ ll_.l..
-~ - h =~ ~ <
X P G
- ~
s .
/ g / N -nM
X
/ N\

/ \ —_
X { \ Loy
[a]

i \

» }
\ ! T
\ / 2

\ /
\ / —
AN / x...C._
/ \\ o
~ X
~ s
~ ~ - - .
~ - 4

1y
<
o
[
o
(o]
V)
Lo
o

(1730 475H d3d SMIIM #) S13INIUW 8¥8E HLIM 33ILIHT BWWHI SA LSNOD

HWWHI



11

0t”

(g-01+%) (W)S
. @o. mw. Aﬁ. mo. mm. Nc. mm. mm. ﬁﬁ. 0070
2
Ta
™
e
+e
(]
Lin
(e
T2
1
[a]
T
Wl 2 TS
[AV)
L
(W)S SA HUIWS 2



Ol

20l
‘G

00°5<1

(HYHLONIT

007007 00°S4

gy D

01~
2SN
05 °¢
001
008E0°

HEIWS LNELSNOJI“HLONIT 17133 476H SA 4313IWEIC 1100

dOdWS
OWWEI
gldd
UHd 14
LSNQO3J

\

(w3) HIlaw g

00"

007§

"9

00

00

-0




